The enterocytes of the small intestine are occasionally exposed to pathogenic bacteria, such as Salmonella enteritidis 857, an etiologic agent of intestinal infections in humans. The expression of the heat shock response by enterocytes may be part of a protective mechanism developed against pathogenic bacteria in the intestinal lumen. We aimed at investigating whether S enteritidis 857 is able to induce a heat shock response in crypt-and villus-like Caco-2 cells and at establishing the extent of the induction. To establish whether S enteritidis 857 interfered with the integrity of the cell monolayer, the transepithelial electrical resistance (TEER) of filter-grown, differentiated (villus-like) Caco-2 cells was measured. We clearly observed damage to the integrity of the cell monolayer by measuring the TEER. The stress response was screened in both crypt-and villus-like Caco-2 cells exposed to heat (40-43ЊC) or to graded numbers (10 1 -10 8 ) of bacteria and in villus-like cells exposed to S enteritidis 857 endotoxin. Expression of the heat shock proteins Hsp70 and Hsp90 was analyzed by polyacrylamide gel electrophoresis and immunoblotting with monoclonal antibodies. Exposure to heat or Salmonella resulted in increased levels of Hsp70 and Hsp90 in a temperatureeffect or Salmonella-dose relationship, respectively. Incubation of Caco-2 cells with S enteritidis 857 endotoxin did not induce heat shock gene expression. We conclude that S enteritidis 857 significantly increases the levels of stress proteins in enterocyte-like Caco-2 cells. However, our data on TEER clearly indicate that this increase is insufficient to protect the cells.
INTRODUCTION
Living cells exhibit a universal response to adverse changes in their environment, which is commonly known as the heat shock or stress response (Lindquist 1986; Welch 1992; Craig et al 1993) . Apparently a defensive mechanism (Prohászka et al 2002) , the transient heat shock response is a complex phenomenon that is rapidly induced and protects the cells from irreversible injury by stabilizing the synthetic and metabolic activities in the cell. The most obvious characteristics of the stress response are an enhanced synthesis of heat shock proteins (Hsps), commonly known as molecular chaperones, and a concomitant inhibition of overall protein synthesis (Lewis et al 1975; Koninkx 1976; Ovelgö nne et al 1995) . The Hsps were originally discovered in isolated heatshocked Drosophila melanogaster salivary glands, where their appearance coincides with chromosomal puffs (Ritossa 1962) . These chromosomal puffs represent specific transcription sites for synthesis of Hsps (Ritossa 1962; Lewis et al 1975; Koninkx 1976) . In mammalian cells, induction of Hsps is considered to be regulated mainly at the transcriptional level by activity of a specific heat shock transcription factor (Morimoto 1993) . In addition to transcriptional regulation, translational regulation has been described in insect cells (DiDomenico et al 1982) , and there is also some evidence of this type of regulation in mammalian cells (Joshi-Barve et al 1992) .
There is sufficient evidence to link the stress response to a consequent decrease in cellular sensitivity to stress. It has been clearly demonstrated that thermotolerance is conferred by increased levels of Hsps. This has been observed under conditions in which Hsps are induced by environmental stress (Li and Lazslo 1985) as well as by transfection of Hsp genes (Landry et al 1989; Parsell and Lindquist 1994) . A large and increasing body of information indicates that the heat shock response is elicited not only by hyperthermia but also by a wide variety of other stimuli (Hightower 1991; Welch 1992) . Exposure of cells to such stressors, including oxidizing agents, anoxia, heavy metals, vitamin B 6 , sulfhydryl agents, and ethanol, results in a virtual shutdown of normal cellular protein synthesis, paralleled by a shift to high levels of Hsp synthesis (Koninkx 1976; Ovelgö nne et al 1995) . In the unstressed cells, constitutive levels of Hsps are involved in the restoration of unfolded or aggregated polypeptides to their native conformations, the proteolysis of proteins too damaged to refold, the assembly of proteins, and the translocation of proteins across membranes (Craig et al 1993; Wynn et al 1994) . Because of these functions, Hsps are called molecular chaperones. This function of the Hsps enables the cell to survive during stress and promotes the resumption of normal cellular activities in the recovery period after stress. For a number of disease states, including tissue necrosis, viral infection, inflammation, and cancer, abnormally high expression levels of Hsps have been observed (Welch 1992; Wynn et al 1994) . As a consequence of dietary intake, gut epithelial cells are regularly exposed to high levels of potentially harmful substances of dietary origin, such as lectins and bacteria.
Cell cultures displaying enterocyte-like differentiation are suitable models for studying the mechanisms underlying the proliferation and differentiation of intestinal epithelial cells at the cellular level (Hendriks et al 1991; Koninkx 1995; Ovelgö nne et al 2000) . The human colon carcinoma cell line Caco-2, which is phenotypically similar to human small intestinal enterocytes, is a particularly important in vitro model. At late confluency, these cells display differentiation characteristics of small intestinal enterocytes, both structurally and functionally (Pinto et al 1983; Koninkx 1995) .
Through their adhesins, Salmonella species are capable of binding and invading mucosal barriers (Falkow 1991; Finlay and Falkow 1997) . This behavior is also exhibited with mucosal models consisting of the polarized epithelial Caco-2 cell line (Finlay and Falkow 1990; van Asten et al 2000) . Infection of this cell line with S typhimurium has been shown to cause structural lesions at the apical membrane of the cells and to elicit severe disruptions in the integrity of the epithelial monolayer (Jepson et al 1995 (Jepson et al , 1996 . Because S enteritidis 857, a cause of food poisoning, is known as an etiologic agent of intestinal infections in humans, this strain (van Asten et al 2000) has been used in our experiments.
The experiments of this study were designed to investigate whether bacteria induce changes in the heat shock response of enterocyte-like Caco-2 cells. Both 5-day-old, undifferentiated Caco-2 cells, the in vitro counterpart of small intestinal crypt cells, and 19-day-old, differentiated ones, the in vitro counterpart of small intestinal villus cells, have been used in this investigation. In particular, we have examined the effect of S enteritidis 857 on the expression of Hsp70 and Hsp90 and established the extent of this expression.
MATERIALS AND METHODS

Cell culture
Caco-2 cells (American Type Culture Collection) were routinely grown and maintained in Dulbecco modified Eagle medium (DMEM) (Flow Laboratories, Amsterdam, The Netherlands) and cultured at 37ЊC in a humified atmosphere of 5% (v/v) CO 2 in air. This medium was supplemented with 1% nonessential amino acids (Flow), 50 g/mL gentamicin (Flow), 10 mM sodium bicarbonate, 25 mM N-2-hydroxyethylpiperazine-NЈ-2-ethane-sulfonic acid (4-[2-hydroxyethyl]-1-piperazineethane-sulfonic acid), and 20% (v/v) fetal calf serum (FCS) (Ritmeester BV, Utrecht, The Netherlands). Supplemented DMEM devoid of gentamicin and FCS was referred to as plain DMEM. Cells were seeded at 40 000 cells/cm 2 in tissue culture flasks (25 cm 2 ) (Greiner, Alphen a/d Rijn, The Netherlands) and in 12-well tissue culture plates (4 cm 2 ) (Greiner). Cells grown on Transwell, polycarbonate filter inserts of 12-well tissue culture plates (0.4-m pore size) (Costar Europe Ltd, Badhoevedorp, The Netherlands), were seeded at 60 000 cells/cm 2 . The Caco-2 cells were cultured for 5 days to achieve undifferentiated cells (the in vitro counterpart of crypt cells) or 19 days to achieve fully differentiated cell populations (the in vitro counterpart of villus cells). The cell culture medium was changed 3 times a week.
Heat shock
The duration of the heat shock (40ЊC, 41ЊC, and 42ЊC) was 1 hour, whereas the recovery period at 37ЊC lasted 6 hours. During the entire heat shock procedure, supplemented cell culture medium was used. Heat shocks were applied by placing the tissue culture flasks in water heated by a circulating thermostat DC10 (Haake, Karlsruhe, Germany). This thermostat maintained stable temperatures within 0.02ЊC. Under these conditions, temperature equilibration of the cell monolayers took about 30 seconds.
Exposure of Caco-2 cells to S enteritidis 857 and endotoxins
A single colony of S enteritidis 857 (van Asten et al 2000) grown on Luria-Bertani (LB) agar was inoculated into 10 mL of LB broth and grown overnight (16 hours) at 37ЊC with shaking (200 rpm). From this culture, 300 L of the bacterial suspension was inoculated into 30 mL of LB broth and incubated with shaking (200 rpm) at 37ЊC for 2 hours to obtain logarithmically growing bacteria. Subsequently, bacteria were collected by centrifugation (10 minutes at 1500 ϫ g; 22ЊC) and finally suspended in 30 mL of plain DMEM. The suspension was divided in 3 aliquots of 10 mL each. One of these aliquots was centrifuged (10 minutes at 1500 ϫ g; 22ЊC), the supernatant was discarded, and bacteria were killed by suspending them in 96% ethanol for 30 minutes. They were then washed twice in plain DMEM and finally suspended in 10 mL of plain DMEM. To the second aliquot, chloramphenicol (20 g/mL) was added just before infecting the cells. The Caco-2 cells were washed twice with 5 mL of plain DMEM before bacterial infection.
To establish whether bacteria themselves show a heat shock response, 20 L of the bacterial suspension grown overnight was inoculated into 2 tubes containing 2 mL of LB broth and incubated at 37ЊC or 42ЊC for 60 minutes. After 2 washes with 5 mL of 0.01 M phosphate-buffered saline (PBS) (0.01 M Na 2 HPO 4 , 0.01 M NaH 2 PO 4 , 0.9% [w/v] NaCl), pH 7.3, the bacterial pellets were boiled for 10 minutes in 1 mL of sample buffer (see Western blot analysis).
Because incubation of Caco-2 cells with S enteritidis 857 was done in plain DMEM, the amount of FCS was gradually reduced and replaced by Ultroser G, a serum substitute (GIBCO Europe, Hoofddorp, The Netherlands). This reduction was accomplished by replacing the cell culture medium containing 20% FCS with the medium containing 10% FCS and 1% Ultroser G on days 3 (for crypt-like Caco-2) and 17 (for villus-like Caco-2). This medium was then substituted by a medium containing 1% FCS and 2% Ultroser G 1 day later (days 4 and 18). On days 5 and 19, Caco-2 cells were incubated in quadruplicate with S enteritidis 857 (10 1 , 10 2 , 10 3 , 10 4 , 10 5 , 10 6 , 10 7 , and 10 8 bacteria/mL) for 1 hour at 37ЊC in 1 mL of plain DMEM. Monolayers of 19-day-old cells were also incubated with various amounts of S enteritidis (LPS Se ) and Escherichia coli 0111:B4 (LPS Ec ) endotoxins (20 and 100 g/mL) under the same conditions. After bacterial or endotoxin exposure, the cell monolayer was washed twice with 1 mL of gentamicin containing plain DMEM, and incubation was continued for a further 6 hours (recovery period) using the same medium.
Transepithelial electrical resistance of Caco-2 cell monolayers after exposure to bacteria
Mucosal integrity of Caco-2 cells seeded (60 000 cells/ cm 2 ) on polycarbonate, 0.4-m-pore size tissue culture inserts in 12-well plates (insert growth area, 1 cm 2 ) was verified by measuring the transepithelial electrical resistance (TEER) with a Millicell-ERS V/⍀ meter (Millipore Corporation, Bedford, MA, USA). This device contained a pair of chopstick electrodes, which facilitated the measurements. Cell monolayers were used for experiments 19 days after seeding, the mean TEER Ϯ standard deviation for control cells being 205 Ϯ 12 ⍀/cm 2 after subtracting the resistance of blank filters.
For exposure studies, filter-grown monolayers (apical volume, 600 L; basolateral volume, 1500 L) were first equilibrated with plain DMEM for 2 hours under cell culture conditions. Subsequently, 60 L of apical DMEM was removed and replaced by the same volume of DMEM containing bacteria. After exposure to S enteritidis 857 (10 4 , 10 5 , 10 6 , 10 7 , and 10 8 bacteria/mL) for 1 hour in quadruplicate, monolayers were washed twice with 1 mL of gentamicin containing plain DMEM, and incubation was continued. Changes in TEER were measured 1, 2, 3, 4, 5, 6, 12, 24, and 48 hours after the washing step.
Western blot analysis
After the recovery period, the cells exposed to bacteria (4 cm 2 ), as well as the heat-shocked cells (25 cm 2 ), were washed twice at 4ЊC with 1 or 5 mL of PBS. Cells of 1 well or flask were scraped off into 1 or 5 mL of distilled water, and cell scrapings were sonicated at 0ЊC for 30 seconds at an amplitude of 24 m with an MSE Soniprep 150 (Beun de Ronde BV, Abcoude, The Netherlands). The protein content of the resulting sonicates was determined (Smith et al 1985) . An equal volume of sample buffer (twice the strength) was added to the protein samples, after which they were boiled for 10 minutes. Subsequently, the slots of the gel were loaded with equal amounts of proteins (12 g) and the proteins separated by sodium dodecyl sulfate (SDS) polyacrylamide gel electrophoresis on 10% gels. The sample buffer (normal strength) consisted of 125 mM Tris(hydroxymethyl)aminomethaneHCl, 4% SDS, 10% ␤-mercaptoethanol, 20% glycerol, and 0.0015% bromophenolblue, pH 6.8. Subsequently, proteins were transferred to Immobilon-P polyvinylidene difluoride membrane, according to the recommendations of the manufacturer (Millipore). Hsp70 (number SPA-810) and Hsp90 (number SPA-830) were detected using monoclonal antibodies purchased from Stressgen Biotechnologies Corporation (Victoria, British Columbia, Canada) and a peroxidase-coupled detection system (Bio-Rad, Hercules, 6 , 10 7 , and 10 8 bacteria/mL). After 2 washes with 1 mL of gentamicin containing plain DMEM, the time course of the changes in TEER was measured. The results are expressed as the mean relative TEER Ϯ standard deviation (SD). The dotted area represents the mean relative TEER Ϯ SD of cell cultures not exposed to bacteria. Significant differences (P Ͻ 0.05) between the relative TEER levels of bacteria-exposed and control cells are indicated by an asterisk. The relative levels were established using 2 cell passages and triplicate cultures per passage. Figure 1A shows in detail the data for the initial 5 hours after exposure, whereas Figure 1B demonstrates the effect up to 48 hours.
CA, USA). Quantification of the stained blots was performed on a Bio-Rad GS700 imaging densitometer.
To assess statistical significance between the quantified staining intensities of control Caco-2 cells and cells exposed to S enteritidis 857, an analysis of variance and comparison of means was used. Statistical significance was accepted at the P Ͻ 0.05 level.
RESULTS
S enteritidis 857 induced alterations in TEER
To investigate whether S enteritidis 857 interfered with the mucosal integrity of the Caco-2 cell monolayer, filtergrown, differentiated cells were incubated with graded numbers of bacteria in plain DMEM for 1 hour. Compared with control cells, S enteritidis 857-exposed, filtergrown, differentiated Caco-2 cells clearly showed changes in TEER. There was little (Fig 1B) or no change at all ( Fig  1A) in TEER when cells were incubated with small numbers of bacteria (10 4 and 10 5 ). In contrast, exposure of the cells to further increasing numbers of bacteria (10 6 , 10 7 , and 10 8 ) revealed a significant decrease in TEER (Fig 1B) . A full recovery of the TEER to control values, setting in 12 hours after the washing step with gentamicin, was observed when Caco-2 cells had been exposed to 10 6 bacteria. In contrast, there was no recovery at all after incubation with 10 7 and 10 8 bacteria. In this case, the values of the TEER were approaching the resistance of a blank filter (Fig 1B) . Microscopic examination clearly showed that the cell monolayer with this low TEER value had been damaged severely.
Heat shock induced synthesis of Hsp70 and Hsp90 in Caco-2 cells
Before investigating the heat shock gene expression by bacteria in enterocyte-like Caco-2 cells, the capability of the cells to respond to heat shock was determined. Exposure of 19-day-old, fully differentiated Caco-2 cells to a temperature shock was found to induce the expression of Hsps. A temperature-effect relationship could be clearly observed for both Hsps (Fig 2 A,B) . Compared with control cells maintained at 37ЊC, which expressed constitutive levels of Hsp70 and Hsp90, the levels of these Hsps at 42ЊC in 19-day-old, villus-like cells had increased significantly. A 1.8-fold increase was achieved in the level of expression for Hsp90, whereas the expression level for Hsp70 increased 3.7-fold. Cell cultures exposed to 43ЊC showed distinct indications of cell death, and the level of heat shock response was even lower than at 40ЊC (data not shown).
Also in 5-day-old, crypt-like cells, the level of expression for both Hsps increased significantly. Compared with 19-day-old cells, the levels in these cells had increased 1.6-fold for Hsp90 and 1.5-fold for Hsp70 (Fig 2  A,B) . For comparison purposes, heat-shocked cells (1 hour exposure at 42ЊC; 6 hour recovery at 37ЊC) were used as positive controls and those maintained for 7 hours at 37ЊC as negative ones. Induction of Hsp70 and Hsp90 in differentiated Caco-2 cells. Hsp70 and Hsp90 were induced by exposure to 40ЊC, 41ЊC, and 43ЊC for 1 hour, followed by recovery at 37ЊC for 6 hours. (A) After these experimental procedures, the cells were processed for Western blotting and immunostaining. (B) Quantification of the Western blots revealed significant differences (P Ͻ 0.05) (indicated by an asterisk) between the relative levels of Hsps of heat shock-exposed and control cells for 2 sets of experiments, each done in triplicate.
It was not possible to detect bacterial Hsp70 and Hsp90 by using the antibodies used in this study. This confirmed their suitability for the present experiments (data not shown).
Hsp response in S enteritidis 857 exposed crypt-like and villus-like Caco-2 cells
To investigate whether S enteritidis 857 was able to induce the heat shock response in enterocyte-like Caco-2 cells, cells were incubated with bacteria in plain DMEM for 1 hour at 37ЊC. When compared with control, 5-day-old, undifferentiated, crypt-like Caco-2 cells, a significant increase in the level of Hsp90 was achieved after exposure to bacteria. After incubation with 10 5 , 10 6 , 10 7 , and 10 8 bacteria, the level of expression of Hsp90 approached the expression of this protein after heat shock at 42ЊC ( Fig  3A) . The expression level of Hsp70 in crypt-like Caco-2 cells also significantly increased after incubation with 10 4 , 10 5 , 10 6 , 10 7 , and 10 8 S enteritidis 857 bacteria. When cells were exposed to 10 7 or 10 8 bacteria, a 1.5-fold increase over the control level was observed. This level of Hsp70 after bacterial exposure matched the level in heat-shocked (42ЊC) cells (Fig 3B) .
Exposure of 19-day-old, differentiated, villus-like Caco-2 cells to S enteritidis 857 was found to induce the expression of both Hsp70 and Hsp90 (Fig 4A) . With respect to Hsp90, 10 7 or 10 8 S enteritidis 857 bacteria appeared to be needed to bring about the same 1.7-fold increase in the heat shock response, which is inducible at 42ЊC (Fig 4B) . However, compared with the 3.7-fold increase in the level of expression of Hsp70 in heat-shocked (42ЊC) cells, the heat shock response of this protein after exposure to bacteria was only moderate. In this case, 10 7 or 10 8 bacteria were needed to achieve a 1.5-fold increase over the control levels in 19-day-old, villus-like Caco-2 cells (Fig 4B) .
No induction at all of Hsp70 and Hsp90 was found in Caco-2 cells incubated with S enteritidis 857 (10 8 ) in the presence of chloramphenicol, killed bacteria, or its endotoxin (20 or 100 g/mL). In these cases, the levels of expression of these proteins were similar to their expression in control cells. However, exposure to E coli 0111:B4 endotoxin (20 or 100 g/mL) induced a significant expression of these proteins (Fig 5 A,B) .
DISCUSSION
The highly conserved set of stress proteins is involved in coping with chemical and physical stress in all living cells (Lindquist 1986; Welch 1992; Craig et al 1993) . The data presented in this investigation clearly demonstrate that S enteritidis 857 increases the levels of Hsp70 and Hsp90 in these cells. In both crypt-like and villus-like cells, the Hsp content increases significantly on exposure to bacteria.
Binding of bacteria to cells lining the intestine induces a decrease in the number of microvilli covering the cells, and simultaneously with this change, ruffle formation takes place (Sanger et al 1996) . Recent studies with Salmonella species have revealed that membrane ruffling, which is associated with the site of entry of the bacteria, occurs in the apical membrane during bacterial binding and invasion (Francis et al 1992; Galan 1994) . At these sites, a rearrangement of actin filaments take place. Both Salmonella-induced ruffles and the subsequent entry of bacteria are sensitive to inhibitors of actin filament polymerization (Francis et al 1993) . Actin disruption of polarized Caco-2 cells can augment internalization of bacteria, in which exposure of the lateral surface of the enterocytes appears to be involved (Wells et al 1998) . Such a disruption distorts microvilli and decreases TEER. Our experiments with filter-grown cells, which clearly show dose-related changes in TEER (Fig 1) , suggest loss of mucosal integrity. These changes are most pronounced after exposure of cells to 10 7 and 10 8 bacteria. On the basis of these findings, it is reasonable to suggest that actin filaments are recruited and remodeled by S enteritidis 857 so as to enter the Caco-2 cells. Like the lectin-induced depolymerization of the actin filaments in differentiated Caco-2 cells (Ovelgö nne et al 2000) , the Salmonella-induced cytoskeletal changes in Madin-Darby canine kidney cells occur within minutes of infection (Francis et al 1992; Koninkx 1995) .
The potential of enterocyte-like Caco-2 cells to induce the synthesis of Hsp70 and Hsp90 has been investigated in cultures that were exposed to temperatures ranging between 40ЊC and 42ЊC. In Figure 2 A,B, it is clearly demonstrated that the levels of the Hsps in differentiated Caco-2 cells increase with increasing temperatures. Also, 5-day-old, undifferentiated cells showed a distinct heat shock response at 42ЊC. Whereas the levels of Hsp70 and Hsp90 in 5-day-old cells were very similar, the response in 19-day-old ones differed considerably.
The results of our investigations also show that after exposure of both crypt-like, undifferentiated and villuslike, differentiated Caco-2 cells to S enteritidis 857, a significant increase in the levels of Hsp70 and Hsp90 could be detected by Western blot analysis (Figs 3 A, B and 4 A, B) . These Hsps were not of bacterial origin, considering that the monoclonal antibodies did not react with S enteritidis 857 Hsps in either control (37ЊC) or heat-shocked (42ЊC) bacteria (data not shown). Hsp synthesis has also been induced in Caco-2 cells after incubation with E coli C25 or its endotoxin (Deitch et al 1995) . We were able to confirm the induction of Hsp70 and Hsp90 by E coli 0111: B4 endotoxin (Fig 5 A,B) . However, our results clearly showed that S enteritidis 857 endotoxin did not induce the expression of Hsp70 and Hsp90. In addition, neither killed bacteria nor bacteria in the presence of cholamphenicol were able to induce Hsp70 and Hsp90 syntheses (Fig 5 A,B) . This observation alludes to the fact that another aspect of this bacterium is responsible for these changes. It is tempting to suggest that the invasion process itself is involved. The observed stress response by enterocyte-like Caco-2 cells may be part of a mechanism of protection developed by intestinal epithelial cells in general to deal with potential pathogens in the intestine. The constitutive levels of Hsps in the cells (Figs 2 A,B, 3 A,B, and 4 A,B) are obviously insufficient to protect these cells from invasion by bacteria. Even the increase in Hsps induced by bacterial exposure did not protect the cells. However, such protection may be developed too late. To withstand tissue damage by bacteria and to immediately cope with this damage, cells would most likely benefit from previously induced high levels of Hsps.
Bacteria are known to interfere with the cytoskeleton of gut cells. After the onset of bacterial exposure, depolymerization of the actin filaments of the cytoskeleton takes place almost instantly (Francis et al 1992; Koninkx 1995) . There is an increasing amount of evidence that emphasizes the relationship between Hsps and the cytoskeleton Lavoie et al 1993; Liang and MacRae 1997; Musch et al 1999; Xu et al 2002) . Induction of Chinese hamster Hsp27 gene expression in mouse NIH/3T3 cells prevents actin depolymerization during acute exposure to cytochalasin (Lavoie et al 1993) . In human colonic epithelial Caco-2/bbe cells, Hsp72 protects the integrity of the actin cytoskeleton against oxidant-induced injury (Musch et al 1999) . Liang and MacRae (1997) concluded in their review that Hsp60, Hsp70, Hsp90, and Hsp100 have different but cooperative roles in the formation and function of the eukaryotic cell cytoskeleton. Studies on the function of Hsp70 and Hsp90 revealed the actin-binding activity of these proteins (Liang and MacRae 1997) , which stabilizes the actin filaments by cross-linking . With respect to Hsp90, this protein was found to bind to at most 10 actin molecules in the polymerized form , and its localization in membrane ruffles was revealed by immunofluorescence staining using specific antisera . On the basis of these findings and our own results (Figs 3 A,B and 4 A,B) , we suggest that high levels of Hsp70 and Hsp90 in Caco-2 cells, which are known to decrease the cellular sensitivity to stress, may be able to inhibit bacteria from adhering and invading through stabilization of the Caco-2 cytoskeleton. If previously induced high levels of Hsps are directed to the stabilization of the cytoskeleton, then bacteria might be unable to use the actin filaments for their own purposes. Further support for this working hypothesis must come from bacterial adherence and invasion experiments with heat-shocked, enterocyte-like Caco-2 cells.
